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Winooski, VT, USA) and expressed in relative light units per culture optical density 148 (RLU/OD 600 ). For experiments with additions of AHLs, cultures were supplemented or not 149 with 10 µM C 8 -HSL, 3OHC 10 -HSL, and 3OHC 8 -HSL (Sigma-Aldrich Co., Oakville, ON, 150 Canada) from stocks prepared in HPLC-grade acetonitrile. Acetonitrile only was added in 151 controls. All experiments were performed with three biological replicates and repeated at least Table S4 . Gene expression differences 181 between Burkholderia thailandensis E264 strains were calculated using the 2 (−ΔΔ(CT)) formula 182 (24). A threshold of 0.5 was chosen as significant. All experiments were performed in 183 triplicate and carried out at least twice independently. The B. thailandensis QS-1, QS-2, and QS-3 systems are sequentially activated 187 B. thailandensis E264 produces 3OHC 10 -HSL and to lesser extents, C 8 -HSL and 3OHC 8 -HSL 188 (12, 15) . Considering that non-simultaneous production of AHLs was suggested in B. 189 pseudomallei (16), we hypothesized that these three AHLs are differentially produced over 190 the bacterial growth stages of B. thailandensis E264. We thus determined the production 191 profiles of C 8 -HSL, 3OHC 10 -HSL, and 3OHC 8 -HSL at various time points of the bacterial 192 growth. LC-MS/MS was used to quantify concentrations of these AHLs in B. thailandensis 193 E264 wild-type cultures. We found that 3OHC 10 -HSL levels increased rapidly through the 194 early logarithmic (OD 600 ≈ 3.0) and late exponential phases (OD 600 ≈ 5.0), but decreased later 195 on ( Fig. 1A) . Interestingly, 3OHC 8 -HSL concentrations kept increasing all along bacterial 196 growth to levels similar to 3OHC 10 -HSL ( Fig. 1A) , while C 8 -HSL only accumulated during 197 the early exponential growth phase (OD 600 ≈ 4.0), but then remained stable during the 198 stationary phase (OD 600 ≈ 8.0; Fig. 1A) . 199 To gain additional insights, AHLs biosynthesis was correlated to btaI1, btaI2, and btaI3 200 expressions. The activity of the chromosomal btaI1-lux, btaI2-lux, and btaI3-lux 201 transcriptional reporters was measured during bacterial growth. In agreement with the AHLs 202 production profiles, activation of both btaI1 and btaI2 was observed from the beginning of the 203 exponential phase, whereas btaI3 was not activated until the stationary phase was reached 204 ( Fig. 1B) . Collectively, our results point toward a sequential activation of the different QS 205 systems in B. thailandensis E264.
206
In order to verify whether the sequential activation of the QS-1, QS-2, and QS-3 systems 209 results from interactions between these systems, we determined the AHLs production kinetics 210 in cultures of the ΔbtaR1 (JBT107), ΔbtaR2 (JBT108), and ΔbtaR3 (JBT109) mutants versus 211 wild-type B. thailandensis E264. We also measured expressions of the AHL synthase-coding 212 genes btaI1, btaI2, and btaI3 in the same background harboring a chromosomal btaI1-lux, 213 btaI2-lux, or btaI3-lux transcriptional fusion.
214
BtaI1 produces C 8 -HSL and BtaR1 is considered the main regulator of btaI1 expression (12).
215
Therefore, we were surprised to see an increased production of C 8 -HSL in the ΔbtaR1 mutant 216 in comparison with the wild-type strain ( Fig. 2A) . This overproduction in the absence of 217 BtaR1 was principally detected from the end of the exponential phase. Nevertheless, 218 transcription of the btaI1 gene was indeed lower in ΔbtaR1 throughout the different stages of 219 bacterial growth and was almost not detected in the early logarithmic growth (Fig. 2B) . 220 Following those results, it was important to confirm that btaI1 expression is directly 221 modulated by BtaR1 in conjunction with C 8 -HSL. We monitored btaI1 expression in response 222 to exogenous addition of C 8 -HSL in the wild-type strain of B. thailandensis E264 and in its 223 ΔbtaR1, ΔbtaI1 (JBT101), and ΔbtaI1ΔbtaI2ΔbtaI3 (JBT112) mutants. The btaI1 gene 224 exhibited a comparable transcriptional profile in the absence of BtaR1 or C 8 -HSL, supporting 225 that BtaR1/C 8 -HSL indeed activates btaI1 transcription ( Fig. S1A) . Accordingly, adding 226 exogenous C 8 -HSL to the culture of the ΔbtaI1 mutant as well as in the ΔbtaI1ΔbtaI2ΔbtaI3 227 mutant restored btaI1 transcription ( Fig. S1A) . While btaI1 expression was induced in the 228 wild-type strain culture supplemented with exogenous C 8 -HSL, no difference was noticed for 229 the ΔbtaR1 mutant ( Fig. S1A) . To confirm that btaI1 is directly activated by BtaR1, we 230 measured the luciferase activity of btaI1-lux in the heterologous system E. coli DH5α, 231 expressing btaR1 controlled by an arabinose-inducible promoter. In agreement with the 232 detection of a putative lux-box sequence found in the promoter region of btaI1, BtaR1 increased btaI1 transcription ( Fig. S1B) . However, no significant further activation was 234 observed in response to addition of C 8 -HSL ( Fig. S1B) . Interestingly, C 8 -HSL concentrations 235 were also increased in the ΔbtaR2 mutant, with a matching upregulation of btaI1 expression 236 ( Fig. 2) . While C 8 -HSL was also overproduced in the absence of BtaR3 during the stationary 237 phase, btaI1 transcription was downregulated in the ΔbtaR3 mutant in comparison with the 238 wild-type strain (Fig. 2) . Collectively, these results suggest that btaI1 expression is also 239 controlled by BtaR2 and BtaR3. Nevertheless, no direct interactions between the btaI1 240 promoter and neither BtaR2 nor BtaR3 were observed in our heterologous expression systems 241 (data not shown).
242
3OHC 10 -HSL is produced by the BtaI2 synthase (12, 15). While BtaR2 directly activates 243 btaI2 expression in response to 3OHC 10 -HSL and 3OHC 8 -HSL, the latter also produced by 244 BtaI2 (12, 15), the impact of BtaR2 on the production of these two AHLs is still unknown. 245 We observed that both 3OHC 10 -HSL biosynthesis and btaI2 expression were almost 246 completely abolished in the ΔbtaR2 mutant ( Fig. 3) , confirming that BtaR2 is the main 247 regulator of 3OHC 10 -HSL biosynthesis via its effect on btaI2 expression. Despite the absence 248 of BtaR2, we detected a slight, but consistent and highly reproducible, production of 3OHC 10 -249 HSL during the stationary phase ( Fig. 3A) . Accordingly, transcription of btaI2 was also 250 slightly augmented later ( Fig. 3B) . Interestingly, while 3OHC 10 -HSL concentrations were 251 strongly increased in the ΔbtaR1 mutant in comparison with the wild-type strain (Fig. 3A) , 252 expression of btaI2 was not higher in the absence of BtaR1 (Fig. 3B) . 3OHC 10 -HSL 253 concentrations were also increased in the ΔbtaR3 mutant background (Fig. 3A) . The effect of 254 BtaR3's absence on 3OHC 10 -HSL production was only observed from the end of logarithmic 255 growth (Fig. 3A) , and loss of BtaR3 did not affect btaI2 transcription either ( Fig. 3B) . 256 Collectively, these observations indicate that, in addition to BtaR2, both BtaR1 and BtaR3 257 also influence the biosynthesis of 3OHC 10 -HSL. Nevertheless, no discernible difference in btaI2 transcription was observed in the absence of BtaR1 and BtaR3, suggesting that the 259 effect of these transcriptional regulators on the QS-2 system is indirect.
260
BtaI3 is mainly responsible for 3OHC 8 -HSL biosynthesis (12, 15). While no discernible 261 difference in 3OHC 8 -HSL concentrations was detected in cultures of the ΔbtaR3 mutant when 262 compared to the wild-type strain, the levels of btaI3 transcription were decreased in the 263 absence of BtaR3 (Fig. 4B) . To confirm whether transcription of btaI3 is dependent on 264 BtaR3, as well as on 3OHC 8 -HSL, btaI3 expression was measured in the wild-type strain and 265 in the ΔbtaR3 and ΔbtaI3 (JBT103) mutants supplemented or not with exogenous 3OHC 8 -266 HSL. We found that btaI3 was similarly downregulated in these two backgrounds, suggesting 267 that BtaR3 activates btaI3 in response to 3OHC 8 -HSL ( Fig. S2A) . Accordingly, btaI3 268 transcription was not affected by the addition of 3OHC 8 -HSL in the ΔbtaR3 mutant, but was 269 increased in the wild-type strain culture under the same conditions ( Fig. S2A) . Unexpectedly, 270 adding exogenous 3OHC 8 -HSL to the culture of the ΔbtaI3 mutant did not restore btaI3 271 transcription to wild-type levels ( Fig. S2A) . Since 3OHC 8 -HSL production is not completely While no putative lux-box sequence was found in the promoter region of btaI3, we observed 278 an increase in btaI3 transcription in the presence of BtaR3 (Fig. S2B) . However, we did not 279 see any effect of 3OHC 8 -HSL addition ( Fig. S2B) . Taken together, these data suggest that 280 btaI3 expression is controlled by additional AHLs and/or alternative LuxR-type 281 transcriptional regulators.
As previously noted for C 8 -HSL and 3OHC 10 -HSL, the levels of 3OHC 8 -HSL were enhanced 283 in the ΔbtaR1 mutant in comparison with the wild-type strain ( Fig. 4A) . While 3OHC 10 -HSL 284 overproduction was observed during the different stages of bacterial growth (Fig. 3A) , 285 augmentation of 3OHC 8 -HSL concentrations, similarly to C 8 -HSL, principally occurred from 286 the end of the exponential phase in the ΔbtaR1 mutant ( Fig. 4A) . As seen for btaI1, 287 expression of btaI3 was surprisingly lower in the absence of BtaR1 (Fig. 4B) . Additionally, 288 we observed an increase in the amounts of 3OHC 8 -HSL in the ΔbtaR2 mutant from the 289 stationary phase (Fig. 4A) . Nevertheless, no obvious change in expression of btaI3 was 290 visible ( Fig. 4B ), suggesting that unknown factors are involved in the regulation of 3OHC 8 -291 HSL biosynthesis. 292 We also analysed AHLs production in the ΔbtaR4 (JBT110) and ΔbtaR5 (JBT111) mutants 293 and no difference with the wild-type strain production was found (data not shown).
295
BtaR1, BtaR2, and BtaR3 are transcriptionally intertwined 296 In order to verify whether the QS modulatory cascade also involves cross-regulations between 297 BtaR1, BtaR2, and BtaR3, btaR1, btaR2, and btaR3 expressions were assessed by quantitative 298 reverse-transcription PCR (qRT-PCR) in the B. thailandensis E264 wild-type strain and in the 299 AHL-defective ΔbtaI1ΔbtaI2ΔbtaI3 mutant during the exponential phase (OD 600 ≈ 4.0).
300
Interestingly, expressions of all transcriptional regulators were affected by the absence of 301 AHLs (Fig. 5) , indicating that btaR1, btaR2, and btaR3 are QS-controlled. While btaR1 302 transcription was increased in the ΔbtaI1ΔbtaI2ΔbtaI3 mutant when compared to the wild-303 type strain ( Fig. 5A) , btaR2 and btaR3 were both downregulated in the absence of AHLs 304 (Figs. 5B and C). To further investigate the impact of AHLs on btaR1, btaR2, and btaR3 305 expressions, their transcription was measured in the ΔbtaI1ΔbtaI2ΔbtaI3 mutant supplemented with exogenous C 8 -HSL, 3OHC 10 -HSL, or 3OHC 8 -HSL. Interestingly, btaR1, 307 btaR2, and btaR3 expressions were restored in the presence of AHLs ( Fig. 5 ), suggesting that 308 these genes are transcriptionally intertwined. Collectively, our results indicate that the QS-1, 309 QS-2, and QS-3 systems interdependence also implicates cross-modulations between BtaR1, 310 BtaR2, and BtaR3. To further elucidate the regulatory mechanisms directing btaI1, btaI2, and btaI3 expressions, 314 the activity of the chromosomal btaI1-lux, btaI2-lux, and btaI3-lux transcriptional reporters 315 was measured in the AHL-defective ΔbtaI1ΔbtaI2ΔbtaI3 mutant supplemented or not with 316 exogenous AHLs. We had noted that the QS-1 and QS-2 systems were both activated from 317 the logarithmic growth, whereas activation of the QS-3 system started in the stationary phase 318 ( Fig. 1) . Therefore, experiments with btaI1-lux and btaI2-lux were done during the 319 exponential phase (OD 600 ≈ 4.0), while those with btaI3-lux were performed during the 320 stationary phase (OD 600 ≈ 8.0). Furthermore, AHLs impact on btaI1, btaI2, and btaI3 321 expressions was also estimated by monitoring the activity of btaI1-lux, btaI2-lux, and btaI3-322 lux in cultures of the ΔbtaI1, ΔbtaI2 (JBT102), and ΔbtaI3 mutants versus wild-type B. 323 thailandensis E264. 324 We have demonstrated that transcription of btaI1 is directly controlled by BtaR1 and activated 325 by C 8 -HSL ( Fig. S1) . Additionally, btaI1 expression was enhanced in the presence of 326 3OHC 10 -HSL or 3OHC 8 -HSL in the AHL-negative mutant background ( Fig. 6A) . Using a 327 heterologous expression system, we also confirmed that BtaR2 modulates directly btaI2 328 transcription in response to 3OHC 10 -HSL or 3OHC 8 -HSL ( Fig. S4) . While btaI2 expression 329 was accordingly activated by both 3OHC 10 -HSL and 3OHC 8 -HSL in the ΔbtaI1ΔbtaI2ΔbtaI3 mutant ( Fig. 6B) , we noticed again that transcription of btaI2 was most strongly increased by 331 the presence of 3OHC 10 -HSL ( Fig. 6B) . Transcription of btaI3 was at least doubled in the 332 ΔbtaI1ΔbtaI2ΔbtaI3 mutant strain culture when supplemented with any of the three AHLs 333 ( Fig. 6C) . Here, btaI3 expression was substantially increased in the presence of 3OHC 8 -HSL 334 ( Fig. 6C) . Since all three AHLs seem able to activate btaI3 expression, we investigated 335 whether their respective influence changes over the various growth phases. Strikingly, 336 activation of btaI3 transcription by C 8 -HSL is more prominent during the logarithmic growth 337 phase, whereas btaI3 is mostly activated by 3OHC 8 -HSL during the stationary phase ( Fig. 7) .
339

Discussion
340
Although the QS-1, QS-2, and QS-3 systems of B. thailandensis had been previously 341 described (12, 15), a detailed picture of the interactions composing this complex QS 342 regulatory network had never been exposed.
343
As previously described for B. pseudomallei KHW (16), we observed variations in the 344 biosynthesis of the main AHLs produced by B. thailandensis E264 throughout the bacterial 345 growth phases ( Fig. 1A) , as well as in the transcription of the three AHL synthase-coding 346 genes btaI1, btaI2, and btaI3 (Fig. 1B) . These observations highlighted the timing of 347 expression of QS-1, QS-2, and QS-3 during the different stages of growth and consequently 348 the existence of potential interactions between these QS-systems. While C 8 -HSL is generally 349 considered the primary AHL produced by Burkholderia spp. (4), and is indeed predominately (14, 16), we confirmed that 3OHC 10 -HSL is actually the most abundant AHL found in B. 352 thailandensis E264 cultures during the different stages of growth ( Fig. 1A) , revealing the 353 importance of the QS-2 system in the QS circuitry of B. thailandensis E264 (Fig. 8) .
While 3OHC 10 -HSL and 3OHC 8 -HSL are both reported to be produced by BtaI2 (12, 15), we 355 observed differences in the production profiles of these AHLs (Fig. 1A) . Indeed, the 356 concentration of 3OHC 10 -HSL first increased and then decreased in the exponential and 357 stationary phases respectively, whereas the levels of 3OHC 8 -HSL increased throughout the 358 different stages of growth similarly to the expression pattern of btaI2 (Fig. 1B) . This suggests 359 that 3OHC 8 -HSL is produced by BtaI2 at the expense of 3OHC 10 -HSL. Since BtaI3 was also 360 shown to catalyze the biosynthesis of 3OHC 8 -HSL (12, 15), and considering the btaI3 361 transcription profile, we assume that production of 3OHC 8 -HSL during the exponential phase 362 is mainly the product of BtaI2, whereas BtaI3 is principally responsible for 3OHC 8 -HSL 363 biosynthesis during the stationary phase, implying a cooperation between the QS-2 and QS-3 364 systems ( Fig. 8) . Consistently, btaI2 activation by 3OHC 8 -HSL was detected in the 365 exponential phase (Fig. 6B) , whereas we determined that 3OHC 8 -HSL activated btaI3 in the 366 stationary phase (Fig. 6C) . However, we observed that btaI2 expression was mainly enhanced 367 by 3OHC 10 -HSL, indicating that BtaR2 exhibits a higher affinity for 3OHC 10 -HSL than for 368 3OHC 8 -HSL. The bpsI2 gene that codes for the BpsI2 synthase was also shown to be 369 substantially activated by 3OHC 10 -HSL in B. pseudomallei KHW (16). Still, the levels of 370 expression of btaI2 were similar in the wild-type strain of B. thailandensis E264 and in the 371 ΔbtaI2 mutant (Fig. 3B) . Considering that 3OHC 8 -HSL is produced in the absence of BtaI2 372 (15), we must conclude that both 3OHC 10 -HSL and 3OHC 8 -HSL can induce the transcription 373 of btaI2. Accordingly, Majerczyk et al. demonstrated that btaR2 expression is stimulated by 374 3OHC 8 -HSL (19). We determined that the transcription of btaR2 was affected by the absence 375 of AHLs, indicating that btaR2 is also QS-controlled ( Fig. 5B) , and we observed an activation 376 by both 3OHC 10 -HSL and 3OHC 8 -HSL, suggesting that btaR2 transcription is auto-regulated 377 as well. Surprisingly, expressions of btaI2 and btaR2 were also induced by C 8 -HSL. Since we 378 confirmed that BtaR2 does not specifically respond to C 8 -HSL ( Fig. S4) , we assume that activation by this AHL is linked to an alternative LuxR-type transcriptional regulator and that 380 the transcription of btaI2 and btaR2 is not only under BtaR2 control. 381 Since the ΔbtaR1 and ΔbtaR3 mutants both accumulated 3OHC 10 -HSL principally in the 382 exponential and stationary phases, respectively ( Fig. 3A) , suggesting that the regulation of the 383 levels of 3OHC 10 -HSL does not only involve BtaR2 and might imply a dynamic coordination 384 of the B. thailandensis E264 QS circuitry. The differences observed between the 3OHC 10 -385 HSL production and btaI2 transcription profiles could also be attributed to interactions 386 between the QS-1, QS-2, and QS-3 systems. Nevertheless, neither BtaR1, nor BtaR3 affected 387 the transcription of btaI2 during the different stages of growth ( Fig. 3B) . We thus hypothesize 388 that BtaR1 and BtaR3 act indirectly on btaI2 expression by modulating the activity of BtaI2 389 for instance or that unknown factors might be involved in the regulation of 3OHC 10 -HSL 390 biosynthesis. The btaI2 gene is predicted to be organized in operon with two additional genes, 391 namely BTH_II1226 (btaE) and BTH_II1228 (btaF; Fig. S3 ). Interestingly, the BTH_II1228 Interestingly, a gene encoding a hypothetical protein sharing 63% identity with the B. 401 cenocepacia J2315 RsaM that we call RsaM1 was also found between the btaI1 and btaR1 402 genes (Fig. S3) . While a mutant in the rsaM gene of B. cenocepacia H111 showed higher (Fig. S1A) , and we demonstrate here that btaI1 is directly controlled by BtaR1 (Fig. S1B) . 425 However, we were unable to witness a change in btaI1 activation by C 8 -HSL addition in our 426 heterologous system, suggesting that an unknown factor could be involved in the interaction 427 of BtaR1 with its ligand. While we demonstrated that BtaR1 constitutes the main regulator of 428 btaI1 expression, we assume that BtaR1 represents the main regulator of C 8 -HSL biosynthesis as well. Since the ΔbtaR1 mutant surprisingly accumulated more C 8 -HSL ( Fig. 2A) , 430 posttranscriptional regulation on btaI1 expression is logically occurring. We propose that 431 overproduction of C 8 -HSL detected in the ΔbtaR1 mutant might be linked to RsaM1 activity. 432 However, it is not excluded that additional unknown factors act on C 8 -HSL biosynthesis. A 
441
C. Groleau, and E. Déziel, unpublished data), and suggest that it is co-transcribed with btaI1. 442 We propose that the BTH_II1513 protein is functionally homologous to the BCAM1871 443 protein, and could then similarly affect the QS-1 system.
444
The ΔbtaR2 mutant also accumulated C 8 -HSL ( Fig. 2A) . Accordingly, we saw an increase in 445 btaI1 expression in the absence of BtaR2 (Fig. 2B) , which indicates again an interaction 446 between QS-2 and QS-1 (Fig. 8) , and reveals that the timing of expression of QS-1 system is 447 dependent on QS-2. Our results also show that btaI1 expression was activated by 3OHC 10 -448 HSL and 3OHC 8 -HSL (Fig. 6A) . Since no overexpression of the btaI1 gene was noticed in 449 the ΔbtaI2 mutant ( Fig. 2B) , we propose that BtaR2 represses the QS-1 in absence of its 450 ligand ( Fig. 8) , suggesting that btaI1 activation by 3OHC 10 -HSL and 3OHC 8 -HSL involves 451 alternative LuxR-type transcriptional regulators. 452 We have also shown that btaI1 is positively controlled by BtaR3 (Fig. 2B) . Thus, BtaR3 453 could be responsible for activation of btaI1 by 3OHC 10 -HSL and 3OHC 8 -HSL. Consistently, adding exogenously 3OHC 10 -HSL or 3OHC 8 -HSL to the culture of the ΔbtaR3 mutant did not 455 affect expression of btaI1 (data not shown), confirming that activation of btaI1 by 3OHC 10 -456 HSL and 3OHC 8 -HSL is linked to BtaR3, revealing another interaction, this one between QS-457 3 and QS-1 (Fig. 8) . Our results thus suggest that the QS-1 system could be positively 458 controlled by BtaR3 at the transcriptional level. However, we observed an overproduction of 459 C 8 -HSL in the ΔbtaR3 mutant when compared to the wild-type strain ( Fig. 2A) , suggesting 460 another regulation layer that as yet to be investigated. Additionally, btaR1 expression was 461 upregulated in the ΔbtaI1ΔbtaI2ΔbtaI3 mutant ( Fig. 5A) , indicating that expression of btaR1 462 is negatively regulated by C 8 -HSL, 3OH 10 -HSL, and 3OHC 8 -HSL. Accordingly, expression 463 of the bpsR gene encoding BpsR was also reported to be QS regulated in B. pseudomallei 464 (30).
465
The QS-3 system, homologous to B. pseudomallei BpsI3/BpsR3 and B. mallei 466 BmaI3/BmaR3, is believed to be composed of BtaI3 and BtaR3 considering the juxtaposition 467 of btaI3 and btaR3 on the genome of B. thailandensis (Fig. S3) is downregulated in the ΔbtaR3 and ΔbtaI3 mutants, respectively (Fig. 4B) . Unexpectedly, 476 transcription of btaI3 was restored in ΔbtaI1ΔbtaI2ΔbtaI3 in the presence of 3OHC 8 -HSL, 477 whereas adding 3OHC 8 -HSL to the cultures of the ΔbtaI3 mutant had no impact on the btaI3 478 gene (Fig. S2A) . Gamage et al. (16) demonstrated that the B. pseudomallei KHW BpsI/BpsR and BpsI3/BpsR3 QS circuits are both involved in the regulation of biofilm formation, of 3OHC 8 -HSL used in our experiments. We did not see any effect in the presence of 505 3OHC 10 -HSL as well (data not shown).
506
Interestingly, while activation of btaI3 by 3OHC 8 -HSL and 3OHC 10 -HSL occurred during the 507 stationary phase (Fig. 7) , auto-regulation of the btaI1 and btaI2 genes started during 508 logarithmic growth. These results illustrate the sequential activation of the three QS systems 509 observed during bacterial growth as QS-2 then QS-1 were both consecutively activated during 510 the exponential phase, while btaI3 was not expressed until the stationary phase was reached 511 (Fig. 1B) . We thus hypothesize that the QS-3 system surrogates the regulation of the QS-2 512 system targets by producing 3OHC 8 -HSL in the stationary phase, whereas production of 513 3OHC 8 -HSL by the QS-2 system essentially occurs during the exponential phase, which 514 would also explain why there is an overlap between both QS circuits when it comes to 515 3OHC 8 -HSL and 3OHC 10 -HSL modulated genes (19). Importantly, while sharing common 516 AHLs, the QS-2 and QS-3 systems are apparently not transcriptionally linked, since BtaR2 517 does not regulate expression of btaI3, and the btaI2 gene is not controlled by BtaR3.
518
Since BtaR1 responds strongly to C 8 -HSL and that btaI3 is positively controlled by BtaR1, 519 we concluded that BtaR1 regulates btaI3 expression in conjunction with C 8 -HSL. 520 Furthermore, btaI3 was activated by C 8 -HSL during the exponential phase ( Fig. 7) , which is 521 consistent with the idea that the QS-1 system is required for the expression of btaI3, and thus 522 resulting in a belated activation of the QS-3 circuit and pointing toward an interaction 523 between QS-1 and QS-3 ( Fig. 8) . 524 Additionally, the 3OHC 8 -HSL concentrations were increased in the ΔbtaR1 mutant whereas 525 expression of btaI3 was reduced to almost background levels. Consistently, expression of the 526 bpsI3 gene, encoding the BpsI3 synthase, was also shown to be affected by the BpsI/BpsR QS 527 system (16). Thus, these results indicate that the regulation of 3OHC 8 -HSL biosynthesis by BtaR1 does not implicate a direct interaction with the btaI3 promoter but rather could imply 529 the effect of BtaR3 levels on btaR1 (19). We confirmed that, as seen for btaI3, btaR3 530 expression is activated by C 8 -HSL. These results support that btaI3 is indirectly controlled by 531 BtaR1, highlighting again an interaction between QS-1 and QS-3 (Fig. 8) . Furthermore, the 532 btaR3 gene was also activated by 3OHC 8 -HSL and 3OHC 10 -HSL ( Fig. 5C ), suggesting that 533 btaR3 expression is also auto-regulated. The study described here finally provides a more comprehensive and clearer picture of the 537 interplay between the QS-1, QS-2, and QS-3 systems in B. thailandensis E264 (Fig. 8) . We 538 observed interdependence between the QS-1 and QS-2 systems that could involve additional 539 factors such as the RsaM2 protein, highlighting once again that QS regulation can have many 540 layers. While the QS-3 system was shown to be controlled by BtaR1, we also found that 541 BtaR3 modulates the QS-1 system which indicates that those two systems are intertwined.
542
Interestingly, such QS-1 and QS-3 systems interaction seems to be conserved in the closely- 
